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Clinical features, disease burden and impact on quality of life in participants with mitochondrial encephalomyopathy
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Background: Mitochondrial encephalomyopathy (ME) is a rare genetic disorder that significantly impacts participants’ quality of life and places emotional and financial burdens on caregivers. However, the dynamics between perceived financial burden, disability, and caregiver strain are not fully understood. This study aimed to explore the differences in perceived financial burden, QoL, disability levels, and caregiver burden among participants with ME.

Methods: Between January and December 2023, we conducted a cross-sectional analysis of ME participants and their caregivers at Haikou Affiliated Hospital of Xiangya Medical College, Central South University. Multiple assessment scales, including CHU-9D, PedsQL, PHQ-9, and CBI, were used to evaluate disease burden, QoL, disability, and caregiver burden. Descriptive statistics and correlation coefficients were employed to assess the relationships between these factors.

Results: A total of 27 participants with ME were identified, with a mean age of 10.14 years, 88.9% of whom were children. The cohort comprised 18 (66.7%) males and 9 (33.3%) females; MELAS and Leigh syndrome were the most common subtypes. Significant correlations were found between QoL scores and caregiver burden, with CHU-9D showing negative correlations with PHQ-9 and CBI and positive correlations with PedsQL and health utility scores. Additionally, 44.4% of participants reported severe financial burdens, and 57.7% of caregivers experienced moderate to severe levels of burden.

Conclusion: Our findings highlight the complex relationships between financial strain, QoL, and caregiver burden in ME. This underscores the need for comprehensive, patient-centered care and targeted policy interventions to alleviate patient and caregiver burdens. Further research is essential to develop effective support systems and improve overall outcomes.
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1 Introduction

Mitochondrial encephalomyopathy (ME) represents a group of inherited disorders arising from mitochondrial or nuclear DNA mutations, resulting in dysfunctions within the mitochondrial respiratory chain. These mutations hinder energy production, particularly in high-energy organs such as the brain, muscles, and heart. Consequently, individuals with ME may experience a range of clinical symptoms, including muscle weakness, seizures, stroke-like episodes, and progressive neurological decline (1, 2). The most common subtypes of ME include MELAS (Mitochondrial Encephalomyopathy, Lactic Acidosis, and Stroke-like Episodes), MERRF (Myoclonic Epilepsy with Ragged Red Fibers), and Leigh Syndrome. Each subtype is associated with distinct genetic causes and clinical manifestations (3–5). Despite significant advancements in genetic testing, the clinical presentation of ME remains highly variable, even among individuals with the same genetic mutation. This variability poses challenges for early diagnosis and timely intervention, which are critical for mitigating disease severity and enhancing patient outcomes (3, 6). Currently, management strategies emphasize symptom relief through medications and physical therapy (7–9). While current management strategies primarily focus on alleviating symptoms through medications, physical therapy, and supportive care, the disease’s profound impact on participants’ quality of life (QoL) and the burden on their caregivers has received less attention.

Mitochondrial encephalomyopathy profoundly affects participants’ QoL, limiting their ability to perform daily activities due to fatigue, pain, and mobility challenges, while cognitive impairments and neurological decline heighten these difficulties (10). Social isolation and psychological distress, including anxiety and depression, are common due to the illness’s progressive nature (11). Caregivers, too, endure substantial emotional and financial strain, often leading to burnout that affects family dynamics and diminishes overall QoL (12, 13). Recent studies have emphasized the importance of understanding the socioeconomic and psychosocial impact of rare diseases like ME, with a focus on financial strain, caregiving stress, and the overall well-being of affected individuals (14, 15). However, there is limited research examining the complex interplay between disease severity, financial burden, caregiver strain, and QoL in ME participants.

This study aims to investigate the relationships between disease burden, QoL, perceived financial strain, and caregiver burden in participants with ME and their caregivers. By examining these factors, we aim to underscore the need for improved diagnostics and support systems, with results that inform policy and clinical practices to better serve participants and their families.



2 Methods


2.1 Study design and population

This cross-sectional study focused on pediatric and adult participants diagnosed with mitochondrial encephalomyopathy (ME) as well as their caregivers. Participants were recruited from the Haikou Affiliated Hospital of Xiangya Medical College, Central South University, between January and December 2023. Eligibility was determined based on a confirmed genetic diagnosis of ME, which required specific clinical symptoms affecting the nervous and muscular systems, substantiated by genetic testing. This testing was complemented by clinical evaluations and MRI scans by experienced neurologists and MRI diagnostic specialists utilizing the Morava scale to assess the severity of the disease (16). The study population was further categorized by genetic subtype to investigate correlations between specific mutations, disease severity, quality of life, and caregiver burden. Participants diagnosed with ME forms outside the targeted subtypes or those who opted out of participation were excluded from the research. Only those participants who met the inclusion criteria and completed the survey were included in the final analysis.



2.2 Assessment procedures and respondent selection

Assessment tools and respondent selection were customized based on participants’ age and cognitive capacity. For those aged 6–18 years, the CHU-9D and PedsQL questionnaires were administered with self-reporting by participants when cognitively able. For children under 6, proxy reports from primary caregivers were used to assess quality of life dimensions, as young children typically cannot complete these instruments independently. Adult participants (≥18 years) completed assessments like the EQ-5D-3L, PHQ-9, and CBI themselves, provided their cognitive and neurological status allowed.

In cases of cognitive impairments or neurological deficits that hindered accurate self-reporting, proxies, mainly caregivers or family members familiar with the participant’s condition, provided responses. This ensured that the data accurately reflected participants’ health status or, when suitable, the caregiver’s observations. Proxy responses were gathered following standardized protocols, and clinicians reviewed them to ensure consistency and validity. This strategy aimed to enhance data completeness and accuracy across the diverse cognitive and age ranges of participants while acknowledging the limitations of proxy reporting in capturing individual emotional and psychosocial experiences.



2.3 Ethics statement

This cross-sectional study was conducted in accordance with the Declaration of Helsinki.

Ethical approval was obtained from the Institutional Review Board (IRB) of Haikou Affiliated Hospital. All participants or their caregivers provided written informed consent. The study adhered to strict ethical guidelines, ensuring the confidentiality and security of participants’ data.



2.4 Quality of life (QoL) outcome measures


2.4.1 EQ-5D-3L

The EQ-5D-3L is a widely used tool for assessing health-related quality of life (HRQoL). It evaluates five essential health dimensions: Mobility, Self-Care, Usual Activities, Pain/Discomfort, and Anxiety/Depression. Each of these dimensions is categorized into three levels of severity: No problems, Some problems, and Extreme problems (17). The EQ-5D-3L produces a single index score by combining the responses across the five dimensions. This index score is derived from country-specific value sets that reflect the preferences and health perceptions of the population in a particular country. Utility values derived from EQ-5D-3L scores are then converted into standardized utility measures, referenced against national norms to allow comparisons across populations (18, 19). The resulting score ranges from less than 0 (indicating a health state worse than death) to 1 (representing perfect health). For children under the age of six, the questionnaire is completed by parents or guardians, acting as proxies to accurately represent the child’s health-related quality of life. This approach helps ensure the collection of reliable data when the child is too young to self-report.



2.4.2 PedsQL

The Pediatric Quality of Life Inventory (PedsQL) is a widely recognized tool designed to assess health-related quality of life (HRQoL) in children and adolescents across various age groups. The PedsQL consists of 23 items that can be completed either by the child (self-report) or by a caregiver (proxy report), depending on the child’s age and ability to respond. The items are grouped into four core domains, which represent critical aspects of a child’s health and well-being: Physical Functioning (8 items), Emotional Functioning (5 items), Social Functioning (5 items) and School Functioning (5 items) (20). The responses to each item are rated using a 5-point Likert scale, ranging from 0 (never a problem) to 4 (almost always a problem). After the responses are collected, the scores are reverse-coded to ensure that higher scores reflect better quality of life. The individual scores for each domain are then transformed into a 0–100 scale, where a higher score corresponds to better HRQoL. The PedsQL scores were compared against national norms, which provide a reference point for understanding how a child’s HRQoL compares to the general population (21, 22).



2.4.3 PHQ-9

The Patient Health Questionnaire-9 (PHQ-9) is a widely used, self-reported instrument designed to evaluate the severity of depressive symptoms in individuals. It is often employed in both clinical and research settings as a straightforward tool for identifying depression and assessing its severity over a defined period (23). The PHQ-9 consists of nine items that assess various depressive symptoms the individual has experienced over the past 2 weeks. Each item is rated on a 4-point Likert scale based on the frequency of symptoms during this period: 0 = Not at all; 1 = Several days; 2 = More than half the days; 3 = Nearly every day. The total score is calculated by summing the individual responses, yielding a score between 0 and 27. Higher scores indicate greater severity of depressive symptoms. The PHQ-9 score is further categorized into the following severity levels: 0–4: Minimal or none – Indicates little to no symptoms of depression; 5–9: Mild – Suggests mild depressive symptoms that may be manageable or transient; 10–14: Moderate – Indicates moderate symptoms, potentially warranting some form of intervention; 15–19: Moderately severe – Suggests more significant depressive symptoms, requiring clinical evaluation and possibly treatment, and 20–27: Severe depression – Indicates severe depression, typically requiring immediate clinical intervention and more intensive treatment. Given its widespread use, the PHQ-9 has been adapted for use in various languages and cultures, demonstrating its cross-cultural validity (24, 25).



2.4.4 CHU-9D

The Child Health Utility 9-Dimensional (CHU-9D) tool is a specialized instrument developed to assess health-related quality of life (HRQoL) in children and adolescents, specifically those aged between 7 and 17. It provides a comprehensive measure of a child’s well-being by evaluating nine key dimensions of physical and emotional health (26, 27). CHU-9D evaluates the following nine dimensions of a child’s health, each of which represents an essential aspect of daily functioning: Worried, Sad, Pain, Tired, Annoyed, Schoolwork/Homework, Sleep, Daily Routine and Ability to Join in Activities, rated in 5-point scale (1: No problems; 2: Slight problems; 3: Moderate problems; 4: Severe problems; and 5: Very severe problems). The overall utility score is derived from a weighted combination of the individual scores, which results in a final utility score ranging from 0 to 1. A score of 0 represents the worst conceivable health state (equivalent to death), while a score of 1 represents perfect health. The derived CHU-9D utility values were then compared against national norms to offer context and enable comparisons across different populations (28). Proxy-reported questionnaires were used for children under the age of 7, who are often unable to complete the questionnaire themselves, completed by parents or guardians. This approach helps ensure that HRQoL is accurately assessed, even in younger children who may not be able to reliably self-report their experiences.



2.4.5 CBI

The Caregiver Burden Inventory (CBI) is a comprehensive tool utilized to assess the burden experienced by caregivers of individuals with chronic conditions, including those with physical, mental, or cognitive impairments. The CBI evaluates caregiver burden across five distinct dimensions, each reflecting a different aspect of the caregiving experience: Time-Dependence, Developmental, Physical, Social, and Emotional burden (29). It consists of 24 items designed to capture various aspects of caregiver burden. Each item is rated on a 5-point Likert scale, where 0 = Not at all descriptive; 1 = Slightly descriptive; 2 = Moderately descriptive; 3 = Very descriptive; and 4 = Extremely descriptive. The caregiver’s responses across the 24 items are then summed up to generate a total score for each dimension, with scores ranging from 0 to 96. A higher score in any dimension indicates a greater degree of burden in that particular area. The total score is then used to categorize the overall caregiver burden into different levels, which helps assess the intensity of the burden experienced: 0–20: Little or no burden; 21–40: Mild to moderate burden; 41–60: Moderate to severe burden; and 61–96: Severe burden.



2.4.6 OSSS-3

The Oslo Social Support Scale (OSSS-3) is a concise, three-item self-report measure designed to assess an individual’s perceived social support. Social support significantly influences mental and physical health, and the OSSS-3 offers a quick and effective method for measuring this essential aspect of well-being. The OSSS-3 examines three key dimensions of social support:


	1. Number of Close Confidants – This item gauges the individual’s perception of how many people they can depend on for emotional support, such as friends or family members with whom they can confide.

	2. Interest and Concern from Others – This item assesses how much the individual feels cared for and supported by others, including the degree of emotional investment and attention displayed by their social network.

	3. Practical Help from Neighbors – This item evaluates the extent to which the individual receives practical assistance from neighbors or the local community, such as help with tasks or emergencies (30).



The OSSS-3 employs a straightforward scoring system to measure the perceived level of social support. Each item is rated on a five-point Likert scale: 1 = Very little; 2 = Little; 3 = Moderate; 4 = Much; and 5 = Very much. The individual’s responses to the three items are summed to yield a total score ranging from 3 to 14, with a higher score indicating a greater perceived level of social support. The total score is categorized into the following levels of social support: 3–8: Poor social support; 9–11: Moderate social support; and 12–14: Strong social support.




2.5 Participants classification for subgroup analysis

To enable more detailed statistical analyses, participants were grouped based on key characteristics: age (children vs. adults), clinical disease types (e.g., MELAS, Leigh syndrome), and genetic mutations (e.g., m.3243A > G, other mutations). This stratification sought to identify differences in quality of life, disease burden, and psychological measures across patient populations and disease subtypes, allowing for a deeper understanding of the heterogeneity within mitochondrial encephalomyopathy.



2.6 Statistical analysis

All participants who satisfied the inclusion criteria were incorporated into the analysis. Categorical variables were reported as counts and percentages, whereas continuous variables were presented as means and standard deviations. Spearman’s correlation coefficient was utilized to evaluate the relationships between continuous variables. The ANOVA test was employed to compare QoL measurements across varying levels of perceived financial burden and disability. All statistical analyses were conducted using IBM SPSS Statistics for Windows, Version 22 (IBM Corp., Armonk, NY, United States), with a significance level set at p < 0.05.




3 Results


3.1 General characteristics of socio-demographics

Table 1 displays key characteristics of 27 participants diagnosed with distinct mitochondrial encephalomyopathy (ME). The average age was 10.14 years (SD 9.24), with the youngest patient being just 1 month old and the oldest being 36 years old. There were 18 male participants (66.7%) and nine female participants (33.3%), with the majority being children (88.9%). The most identified ME subtypes were MELAS and Leigh syndrome (6 participants each, 22.2%), followed by COXPD1 (5 participants, 18.5%). Additionally, there were two participants each for MERRF, EMPF1, and COQ10D (7.4% each). In terms of age range, 63.0% of the participants (17/27) were 0–9 years old, 25.9% (7/27) were 10–19 years old, 7.4% (2/27) were 20–29 years old, and 3.7% (1/27) were 30–39 years old. Approximately 25.9% of the participants had a family history of ME. Additional details on the number of referrals and inpatient visits are available in Table 1.


TABLE 1 Participants characteristics.


	Variable
	n (%) or Mean ± SD

 

 	Sex


 	Male 	18 (66.7)


 	Female 	9 (33.3)


 	Age (years) 	10.14 ± 9.24


 	Age range


 	0–9 years 	17 (63.0)


 	10–19 years 	7 (25.9)


 	20–29 years 	2 (7.4)


 	30–39 years 	1 (3.7)


 	ME subtypes


 	adPEO 	1 (3.7)


 	COQ10D 	2 (7.4)


 	COXPD 	5 (18.5)


 	ECHSID 	1 (3.7)


 	EMPF1 	2 (7.4)


 	Leigh syndrome 	6 (22.2)


 	LHON 	1 (3.7)


 	MCIDN20 	1 (3.7)


 	MELAS 	6 (22.2)


 	MERRF 	2 (7.4)


 	Diagnostic odyssey


 	<1 yr 	15 (55.6)


 	1–3 yrs 	6 (22.2)


 	>3 yrs 	6 (22.2)


 	Diagnostic delay (yrs) 	1.91 ± 2.64


 	Family history


 	No 	20 (74.1)


 	Yes 	7 (25.9)


 	Number of referrals


 	0 times 	14 (519)


 	1–3 times 	12 (44.4)


 	4–7 times 	1 (3.7)


 	Number of inpatient visits


 	1–5 times 	19 (70.4)


 	6–10 times 	4 (14.8)


 	11–15 times 	4 (14.8)


 	Rehabilitation


 	No 	15 (55.6)


 	Yes 	12 (44.4)


 	Debt incurred


 	No 	3 (11.1)


 	Yes 	24 (88.9)


 	Amount of debt incurred each year (CNY)


 	0–30,000 	7 (25.9)


 	31,000–60,000 	9 (33.3)


 	61,000–100,00 	4 (14.8)


 	101,000–200,000 	7 (25.9)


 	Hospitalization (CNY) 	77,137.76 ± 105,250.76





ME, mitochondrial encephalomyopathy; adPEO, autosomal dominant progressive external ophthalmoplegia; COQ10D, primary coenzyme Q10 deficiency; COXPD, combined oxidative phosphorylation deficiency; ECHSID, mitochondrial short-chain enoyl-coA hydratase 1 deficiency; EMPF1, encephalopathy due to defective mitochondrial and peroxisomal fission 1; LHON, Leber’s hereditary optic neuropathy; MCIDN2O, mitochondrial complex 1 deficiency, nuclear type 20; MELAS, mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes; MERRF, myoclonic epilepsy with ragged red fibers; SD, standard deviation; CNY, Chinese yuan.
 

Among the 27 participants, 12 (44.4%) opted for rehabilitation intervention. Of those seeking rehabilitation due to their medical condition, 25.9% required it always and frequently, 11.1% required it sometimes, and 14.8% required it occasionally. For individuals who did not pursue rehabilitation programs, 33.3% cited high costs, 29.6% found it ineffective, and 14.8% lacked local rehabilitation services or advanced technology (Figures 1A,B). A significant 59.3% of participants required full-time care from their family members, while 33.3% of participants reported missing work or being absent to care for family members (Figure 1C). Among those who needed care from a family member or friend, 62.9% needed it always, 14.8% needed it frequently, 11.1% needed it sometimes, 3.7% required it occasionally, and 7.4% did not need it (Figure 1D). In our study, 16 (59.3%) of respondents, mainly caregivers of pediatric participants or adult participants themselves, reported discrimination related to their or their family members’ condition. In comparison, 5 (18.5%) could not tell, and 6 (22.2%) did not report any discrimination (Figure 1E).

[image: Six bar charts labeled A to F depict survey responses about the impact of a disease. A: Rehabilitation needs, frequently and always needed by 25.9%. B: High cost prevents rehabilitation for 33.3%. C: 59.3% had full-time work affected. D: 63% always need care. E: 59.3% feel discriminated against. F: 44.4% experience severe financial burden.]

FIGURE 1
 The impact of ME on rehabilitation, work, discrimination, and financial burden. (A) Illustrates the proportion of participants who reported their need for rehabilitation due to the disease. (B) Highlights the reasons why some participants did not engage in rehabilitation. (C) Displays the extent of missed work due to the illness and the need for care. Panel (D) shows how many participants required care from family or friends. (E) Illustrates the extent to which participants have experienced discrimination because of their illness. (F) Presents how participants perceive their financial burden on their families.




3.2 Disease burden and financial impact

The average hospitalization cost was 77,137.76 CNY, with an average insurance coverage of 31,828.09 CNY, representing 41.3% of the total cost. As indicated in Table 1, 24 (88.9%) reported incurring debt due to medical expenses, with some independent adult participants also contributing to this figure, with 33.3% having 30,000–60,000 CNY debt, 25.9% having 0–30,000 CNY, 25.9% having 100,000–200,000 CNY, and 14.8% having 60,000–100,000 CNY debt. The average diagnostic delay was 1.9 (SD 2.6) years, ranging from 0 to 10.8 years. The diagnostic delay was defined as the time from the first symptom onset to the final diagnosis of ME. The diagnostic odyssey took an average of 1.67 (SD 0.83) years to reach a definitive diagnosis. More than half (55.6%) of the participants were diagnosed within a year, 22.2% were diagnosed within 1 to 3 years, and the remaining 22.2% took longer than 3 years to be diagnosed (Table 1).

On average, participants reported 3.48 (SD 2.06) distinct symptoms at the onset of the disease. The most common first reported symptom was motor disability (25.9%), followed by delayed motor development (22.2%). Other frequently reported symptoms included seizures (14.8%), gastrointestinal dysfunction (11.1%) and headache (11.1%). Symptoms like lung infection (7.4%) and muscle weakness (7.4%) were less commonly the first reported (Figure 2A). Thus, muscle-related issues (delayed motor development) dominate as the first signs of disease, suggesting they may serve as early indicators of this condition. Subsequently, seizures (11.4%) and muscle weakness (12.0%) were the most reported symptoms overall. Other prevalent symptoms included intellectual disability (10.8%); dysarthria (speech difficulties, 9.0%); malnutrition (7.2%), and delayed motor development (7.2%). Symptoms such as motor disability (5.9%), gastrointestinal (GI) dysfunction (5.9%), and lung infection (5.4%) were moderately common. Less common symptoms included headache, respiratory symptoms, hearing impairment, and cardiac insufficiency (3.0% or less) (Figure 2B). Thus, neuromuscular symptoms (e.g., motor disability, seizures, muscle weakness) were the most frequently reported overall, emphasizing the need to monitor these signs for early diagnosis and management.

[image: Four pie charts labeled A, B, C, and D show the distribution of diseases and variants. Chart A is about mitochondrial DNA (mDNA) diseases, with MELAS at 46.2% as the largest segment. Charts B and D represent nuclear DNA (nDNA) diseases and variants, with various segments each under 15%, including COQ10D7 and others. Chart C shows mDNA variants, with the m.3243A>G variant making up 38.5%. The charts illustrate the percentage distribution of each disease or variant.]

FIGURE 2
 Percentage of symptoms experienced by individuals with ME. (A) Displays the first reported symptom experienced by participants. (B) Lists the most common symptoms experienced by participants.




3.3 Phenotype and genotype analysis

Mitochondrial encephalomyopathy with lactic acidosis and stroke-like episodes (MELAS) was identified as the most prevalent mitochondrial DNA (mtDNA) disease, accounting for 46.2% of cases within the cohort, Leigh syndrome accounted for 30.8% of individuals; myoclonic epilepsy with ragged red fibers (MERRF) represented 15.4% of participants. Leber’s hereditary optic neuropathy (LHON) was 7.7% of the cases (Figure 3A). Among nuclear DNA (nDNA)-related diseases, combined oxidative phosphorylation deficiency (COXPD1), encephalopathy due to defective mitochondrial and peroxisomal fission 1 (EMPF1), and primary coenzyme Q10 deficiency (COQ10D7) were the most frequently encountered, each constituting 14.3% of cases, and were linked to metabolic or mitochondrial dysfunctions. Leigh syndrome’s prominence in nDNA-related diseases highlighted its unique dual classification across both DNA types (Figure 3B). In the analysis of mtDNA variants, the m.3243A > G mutation was the most prevalent, evident in 38.5% of cases associated with MELAS and the m.10191 T > C variant was 15.4%. Several additional variants accounted for 7.7% each (Figure 3C). Concerning nDNA variants, three mutations—c.334A > G, c.370G > A, and c.688G > A—were the most common, each representing 14.3% of cases. Additionally, other variants contributed 7.1% each (Figure 3D). mtDNA mutations primarily included point mutations or deletions within mitochondrial genes, whereas nDNA variants presented as point mutations, deletions, or compound variants in nuclear genes (Table 2).

[image: Five pie charts labeled A to E depict various health-related statistics. Chart A, "Level of health state," shows 50 percent in moderate, 41.7 percent in worst, and 8.3 percent in best health states. Chart B, "Level of depression," indicates 64.3 percent minimal to none, 14.3 percent each in mild and moderate, and 7.1 percent severe depression. Chart C, "Level of caregiver burden," has 57.7 percent moderate to severe, 23.1 percent mild to moderate, 15.4 percent little to no, and 3.8 percent severe burden. Chart D, "Social support status," shows 78.3 percent poor and 21.7 percent moderate support. Chart E, "Disability," presents 51.9 percent with multiple disabilities, 25.9 percent with one, and 22.2 percent with none.]

FIGURE 3
 Distribution of ME subtypes and variant. Panel (A) shows the distribution of different mitochondrial DNA (mtDNA) diseases. (B) Represents the distribution of nuclear DNA (nDNA) diseases. Panel (C) shows the distribution of mitochondrial DNA variants. (D) Represents the distribution of nuclear DNA variants. adPEO, autosomal dominant progressive external ophthalmoplegia; COQ10D, primary coenzyme Q10 deficiency; COXPD, combined oxidative phosphorylation deficiency; ECHSID, mitochondrial short-chain enoyl-coA hydratase 1 deficiency; EMPF1, encephalopathy due to defective mitochondrial and peroxisomal fission 1; LHON, Leber’s hereditary optic neuropathy; MCIDN2O, mitochondrial complex 1 deficiency, nuclear type 20; MELAS, mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes; ME, mitochondrial encephalomyopathy; MERRF, myoclonic epilepsy with ragged red fibers.



TABLE 2 Genetic variants and clinical features.


	ID
	Sex
	Disease
	ME type
	Variant and location
	First reported symptom
	Main symptoms
	Prognosis/Outcome

 

 	P1 	Male 	MERRF 	mNDA 	MT-TK m.8344A > G 	Motor retardation 	Seizures, motor retardation, weakness, dysarthria, mental retardation, recurrent pneumonia, malnutrition 	Stable


 	P2 	Male 	LS 	nDNA 	PDHA1 c.1132C > T 	Motor retardation, facial weakness 	Motor retardation, seizures, limb weakness, lung infections 	Death


 	P3 	Male 	ADPEO 	nDNA 	C10orf2 c.1133 T > CT 	Muscle weakness 	muscle weakness, respiratory symptoms, malnutrition 	Exacerbated


 	P4 	Male 	COXPD1 	nDNA 	GFM1 c.688G > A 	Delayed motor development 	Seizures, delayed motor development, abnormal liver function, malnutrition, gastrointestinal dysfunction, lung infections 	Improved


 	P5 	Male 	LHON 	mNDA 	MT-ND1 m.3497C > T 	Motor retardation, facial weakness 	Motor retardation, headache, muscle weakness, muscle atrophy, mental obtundation 	Death


 	P6 	Female 	MELAS 	mNDA 	MT-TL1 m.3243A > G 	Limb weakness, delayed motor development 	Stroke-like episodes, delayed motor development, limb weakness, hypotonia, amyotrophy, malnutrition, dysarthria, mental retardation, gastrointestinal disorders, lung infection, liver dysfunction, cardiac insufficiency 	Exacerbated


 	P7 	Male 	COQ10D7 	nDNA 	COQ4 c.370G > A 	Seizures 	seizures, delayed motor development, dysarthria, mental retardation, hearing impairment, malnutrition, recurrent lung infections, increased muscle tone, gastrointestinal dysfunction 	Exacerbated


 	P8 	Female 	COQ10D7 	nDNA 	COQ4 c.370G > A 	Seizures, delayed motor development 	Seizures, delayed motor development, dysarthria, mental retardation 	Stable


 	P9 	Female 	LS 	mNDA 	MT-ND3 m.10191 T > C 	Motor retardation, facial weakness 	Motor retardation, facial weakness, short stature, seizures, mental retardation 	Death


 	P10 	Male 	EMPF1 	nDNA 	DNM1L c.2060_2062delTAG 	Motor retardation 	seizures, motor retardation, dysarthria, mental retardation, muscle weakness 	Exacerbated


 	P11 	Male 	COXPD10 	nDNA 	MTO1 c.334A > G 	Lung infections 	Delayed motor development, mental retardation, lung infection, gastrointestinal dysfunction, elevated blood glucose, muscle weakness, cardiac insufficiency 	Death


 	P12 	Female 	COXPD10 	nDNA 	MTO1 c.334A > G 	Delayed motor development, limb weakness 	Delayed motor development, dysarthria, mental retardation, limb weakness, malnutrition 	Improved


 	P13 	Male 	LS 	mNDA 	MT-ND1-1 del 	Seizures 	Seizures, dysarthria, motor retardation, lung infections 	Improved


 	P14 	Male 	LS 	nDNA 	PC c.1639C > T 	Gastrointestinal dysfunction 	Dysarthria, delayed motor development, mental retardation, limb weakness, feeding difficulties 	Improved


 	P15 	Male 	LS 	mNDA 	MT-ND5 m.13513G > A 	Delayed motor development, muscle weakness 	Dysarthria, delayed motor development, mental retardation, limb weakness, malnutrition, seizures, lung infections 	Death


 	P16 	Female 	EMPF1 	nDNA 	DNM1L c.1040C > G 	Motor retardation, limb weakness 	Seizures, motor retardation, limb weakness, dysarthria, mental retardation, short stature, gastrointestinal dysfunction 	Death


 	P17 	Female 	MC1DN20 	nDNA 	ACAD9 c.1237G > A 	Delayed motor development 	Pulmonary infection, delayed motor development, cardiac insufficiency/hypertrophic cardiomyopathy 	Death


 	P18 	Male 	ECHS1D 	nDNA 	ECHS1 c.7G > C 	Delayed motor development 	Delayed motor development, dysarthria, limb weakness, hearing impairment, malnutrition, visual impairment, mental retardation 	Stable


 	P19 	Female 	COXPD1 	nDNA 	GFM1 c.688G > A 	Gastrointestinal dysfunction, mental obtundation 	Gastrointestinal dysfunction (feeding difficulties), mental obtundation, malnutrition, abnormal liver function, muscle weakness (limbs) 	Death


 	P20 	Male 	MELAS 	mNDA 	MT-TL1 m.3243A > G 	Headache, limb weakness 	Limb weakness, headache, visual disturbances, stroke-like attacks, mental retardation, dysarthria, motor retardation, hypertrophic cardiomyopathy 	Death


 	P21 	Male 	LS 	mNDA 	MT-ND3 m.10191 T > C 	Headache, seizures 	Seizures, headaches, motor retardation 	Exacerbated


 	P22 	Male 	MELAS 	mNDA 	MT-TL1 m.3243A > G 	Headaches, visual impairment, hearing impairment 	Headache, visual impairment, hearing impairment, seizures, mental retardation, mild depression, gastrointestinal disorders 	Improved


 	P23 	Female 	MELAS 	mNDA 	MT-TL1 m.3243A > G 	Gastrointestinal dysfunction, headache 	Seizures, malnutrition, mental retardation, headache, gastrointestinal dysfunction, hearing impairment, limb weakness, visual impairment, renal insufficiency 	Stable


 	P24 	Male 	MERRF 	mNDA 	MT-TK m.8340A > G 	Delayed motor development 	Seizures, muscle weakness/hypotonia, delayed motor development, dysarthria, malnutrition, mental retardation, respiratory infections 	Stable


 	P25 	Male 	COXPD20 	nDNA 	VARS2 c.1850C > T 	infection/respiratory symptoms, mental obtundation 	Respiratory symptoms/pulmonary infection, elevated blood glucose, seizures, hypotonia, cardiac insufficiency 	Death


 	P26 	Male 	MELAS 	mNDA 	MT-TL1 m.3243A > G 	Delayed motor development, dysarthria 	Mental retardation, delayed motor development, dysarthria, short stature, malnutrition, limb weakness, seizures, gastrointestinal dysfunction, lung infection, hearing impairment, elevated blood glucose 	Death


 	P27 	Female 	MELAS 	mNDA 	MT-CYB-1 del 	Seizures 	Pulmonary infection, seizures, dysarthria, motor retardation, limb weakness, mental obtundation 	Not applicable





adPEO, autosomal dominant progressive external ophthalmoplegia; COQ10D, primary coenzyme Q10 deficiency; COXPD, combined oxidative phosphorylation deficiency; ECHSID, Mitochondrial short-chain enoyl-coA hydratase 1 deficiency; EMPF1, encephalopathy due to defective mitochondrial and peroxisomal fission 1; LHON, Leber’s hereditary optic neuropathy; LS, Leigh syndrome; MCIDN2O, Mitochondrial complex 1 deficiency, nuclear type 20; MELAS, Mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes; ME, mitochondrial encephalomyopathy; MERRF, myoclonic epilepsy with ragged red fibers; mDNA, mitochondrial DNA; nDNA, nuclear DNA.
 



3.4 Quality of life scores

Most participants completed various questionnaires such as CHU-9D (n = 13, 48.1%), EQ-5D-3L (n = 12, 44.4%), OSSS-3 (n = 23, 85.2%), PHQ-9 (n = 14, 51.9%), and PedsQL (n = 13, 48.1%), while caregivers completed the CBI (n = 26, 96.3%). QoL scores were significantly lower than national norms across all scales. The mean score (SD) for CHU-9D was 8.92 (6.30), EQ-5D-3L 9.08 (2.43), OSSS-3: 6.43 (1.88), PHQ-9: 5.57 (6.01), CBI: 40.15 (16.73), and PedsQL total score was 55.03 (26.84) (Table 3).


TABLE 3 Quality of life assessment scales.


	QoL scales
	Mean ± SD
	Ref*

 

 	QoL scales


 	CHU-9D total score 	8.92 ± 6.30 	


 	Utility score 	0.57 ± 0.30 	0.88 ± 0.10


 	EQ-5D-3L total score 	9.08 ± 2.43 	


 	Utility score 	0.55 ± 0.26 	0.92 ± 0.13


 	PHQ-9 total score 	5.57 ± 6.01 	5.6 ± 4.95


 	OSSS-3 total score 	6.43 ± 1.88 	10.25 ± 2.40


 	CBI total score 	40.15 ± 16.73 	35.26 ± 12.30


 	Time-dependence burden 	14.12 ± 4.56 	


 	Developmental burden 	14.46 ± 5.53 	


 	Physical burden 	9.38 ± 4.53 	


 	Social burden 	7.96 ± 5.66 	


 	Emotional burden 	1.46 ± 2.30 	


 	PedsQL total score 	55.03 ± 26.84 	87.36 ± 7.23


 	Physical functioning 	46.39 ± 32.52 	


 	Emotional functioning 	89.23 ± 17.78 	


 	Social functioning 	43.46 ± 42.64 	


 	School functioning 	50.58 ± 43.60 	


 	Psychosocial functioning 	60.90 ± 24.43 	





Number of participants who completed each scale: CHU-9D (N = 13), EQ-5D-3L (N = 12), OSSS-3 (N = 23), PHQ-9 (N = 14), CBI (N = 26), PedsQL (N = 13). CHU-9D, Child health utility-9 dimension; EQ-5D-3L, European quality of life 5-dimension 3-level; OSSS-3, Oslo social support scale 3; QoL, Quality of life; CBI, Caregiver burden inventory; PedsQL, Pediatric quality of life inventory; SD, Standard deviation; VAS, Visual analog scale; *National norm values. Bold values refer to the total mean score of the overall scales, since both CBI and PedsQL are further divided into sub-scales or domains each.
 

The assessment of health status using the EQ-5D-3L revealed that 41.7% of respondents reported their health as being in the worst state, and 50.0% described their health as moderate. Only a small segment (8.3%) indicated they were in the best health state (Figure 4A). This finding suggests that most individuals are facing poor to moderate health, highlighting significant challenges within the population. The PHQ-9 score indicated that a significant portion of participants experienced mild to moderate depressive symptoms (64.3%), 14.3% experienced mild or moderate depression, and 7.1% reported severe depression (Figure 4B). Regarding caregiver burden, evaluated using the Caregiver Burden Inventory (CBI), 57.7% reported experiencing a moderate to severe burden, while 23.1% described their burden as mild to moderate. Only 15.4% felt a little to no burden, and 3.8% reported experiencing a severe burden (Figure 4C). Furthermore, a significant majority (78.3%) of respondents reported experiencing poor social support, as measured by the OSSS-3 scale. In contrast, 21.7% reported having moderate social support (Figure 4D). This suggests that social isolation or inadequate social support is a pressing concern that could exacerbate both health and caregiving challenges.

[image: Chart A displays the first reported symptoms: motor disability (25.9%), delayed motor development (22.2%), seizures (14.8%), GI dysfunction and headache (both 11.1%), muscle weakness (7.4%), and lung infection (0%). Chart B shows the most common symptoms: motor disability (12.0%), seizures (11.4%), dysarthria (10.8%), GI dysfunction (7.2%), liver dysfunction (5.9%), malnutrition (5.4%), muscle weakness (5.9%), respiratory symptoms (9.0%), and less common symptoms under 4.8%.]

FIGURE 4
 Level of health state, depression, caregiver burden, and social support status. (A) The level of health state was assessed using the EQ-5D-3L, showing that 41.7% of participants reported their health as being in the worst state. (B) Depression levels were assessed using the PHQ-9, most participants (64.3%) reported minimal to no depression, but 7.1% experienced severe depression. (C) The level of caregiver burden was assessed using the CBI. (D) Social support was measured using the OSSS-3 scale, and (E) presents the distribution of disabilities among the respondents.




3.5 Correlation of QoL assessment scales and caregiver burden

Spearman’s correlation analysis revealed several significant relationships. The diagnostic delay showed a negative correlation with PHQ-9 total score (rho = −0.492, p < 0.037), CBI total score (rho = −0.370, p < 0.031), developmental burden (rho = −0.420, p < 0.016), physical burden (rho = −0.388, p < 0.032) and the level of caregiver burden (rho = −0.410, p < 0.019). Similarly, the number of symptoms correlated negatively with PHQ-9 total score (rho = −0.643, p < 0.007), CBI total score (rho = −0.482, p < 0.006), developmental burden (rho = −0.416, p < 0.017) and physical burden (rho = −0.501, p < 0.005). The CHU-9D demonstrated moderate negative correlations with the PHQ-9 total score (rho = −0.554, p < 0.031), strong negative correlation with the CBI total score (rho = −0.895, p < 0.001), and levels of caregiver burden (rho = −0.935, p < 0.000), time-dependence burden (rho = −0.682, p < 0.005), developmental burden (rho = −0.698, p < 0.004), physical burden (rho = −0.794, p < 0.001), and emotional burden (rho = −0.755, p < 0.001). Additionally, the CHU-9D strongly positively correlated with the PedsQL total score (rho = 0.702, p < 0.004) and its subdomains: physical functioning (rho = 0.524, p < 0.033), emotional functioning (rho = 0.565, p = 0.022), social functioning (rho = 0.666, p < 0.006), school functioning (rho = 0.746, p < 0.011), and psychosocial functioning (rho = 0.736, p < 0.002). It also showed a strong positive correlation with health utility score (rho = 0.857, p < 0.000) and levels of health state (rho = 0.742, p < 0.004). Furthermore, the OSSS-3 total score showed moderate positive correlations with the health utility score (rho = 0.512, p < 0.044) and PedsQL emotional functioning (rho = 0.564, p < 0.022). It also strongly negatively correlated with the level of health state (rho = −0.716, p < 0.004).

The PHQ-9 total score exhibited positive correlations with the CBI total score (rho = 0.690, p < 0.005), developmental burden (rho = 0.553, p < 0.025), physical burden (rho = 0.672, p < 0.006), social burden (rho = 0.510, p < 0.038), and level of caregiver burden (rho = 0.700, p < 0.004). It also showed moderate negative correlations with the PedsQL total score (rho = −0.522, p < 0.041), as well as with the subscales of emotional functioning (rho = −0.60, p < 0.007), social functioning (rho = −0.530, p < 0.038), and psychosocial functioning (rho = −0.575, p < 0.025). The CBI total score was negatively correlated with the PedsQL total score (rho = −0.702, p < 0.004) and its subdomains, which include physical function (rho = −0.542, p < 0.028), emotional functioning (rho = −0.599, p < 0.015), social functioning (rho = −0.665, p < 0.007), school functioning (rho = −0.726, p < 0.013), and psychosocial functioning (rho = −0.735, p < 0.002). It was positively correlated with the level of health state (rho = 0.695, p < 0.009) and the level of depression (rho = 0.517, p < 0.035). The PedsQL total score exhibited a positive correlation with health utility score (rho = 0.714, p < 0.007) and a negative correlation with developmental burden (rho = −0.806, p < 0.000), physical burden (rho = −0.699, p < 0.004), emotional burden (rho = −0.663, p < 0.007), and the level of caregiver burden (rho = −0.672, p < 0.006).



3.6 Correlation of participants’ perceived financial burden and their caregivers with QoL scales

Participants were surveyed to assess the impact of their condition on their family’s financial well-being. Results indicated that 44.4% (12/27) reported severe perceived financial burden, 29.6% (9/27) reported moderate financial burden, 18.5% (5/27) reported mild financial burden, and 7.4% (2/27) reported relatively low financial burden (Figure 1F).

The perceived financial burden was found to have a moderate negative correlation with the CHU-9D total score (rho = −0.658, p < 0.007), a moderate negative correlation with the utility health score (rho = −0.566, p < 0.027), and negatively correlated with diagnostic delay (rho = −0.399, p < 0.020). Moreover, the perceived financial burden showed a moderate negative correlation with the PedsQL total scores (rho = −0.555, p < 0.024), as well as with its subdomains: social functioning (rho = −0.504, p < 0.039), school functioning (rho = −0.619, p < 0.038), and psychosocial functioning (rho = −0.555, p < 0.024). On the other hand, the perceived financial burden was found to have a positive correlation with disability (rho = 0.339, p < 0.042). The PHQ-9 total score and the level of depression were moderately positively correlated (rho = 0.624, p < 0.009; rho = 0.461, p < 0.048, respectively), as was the CBI total score and the level of caregiver burden (rho = 0.526, p < 0.003, rho = 0.503, p < 0.004, respectively). Further analysis of the CBI revealed that the perceived financial burden showed moderate positive correlations with the time-dependence burden (rho = 0.561, p < 0.001), developmental burden (rho = 0.529, p < 0.003), and physical burden (rho = 0.581, p < 0.001). However, no significant correlation was found between social (rho = 0.290, p = 0.075) and emotional (rho = 0.027, p = 0.448) burden (Table 4).


TABLE 4 Correlation of perceived financial burden, disability, QoL and caregiver burden*.


	Scale/variable
	Perceived financial burden
	Disability



	Rho (r)
	p-value
	Rho (r)
	p-value

 

 	CHU-9D 	−0.658 	0.007 	−0.643 	0.009


 	Health utility score 	−0.566 	0.027 	−0.629 	0.014


 	Level of health state 	0.362 	0.124 	0.732 	0.003


 	OSSS-3 	0.106 	0.315 	−0.131 	0.276


 	Level of social support 	0.293 	0.088 	−0.129 	0.279


 	PHQ-9 	0.624 	0.009 	0.425 	0.065


 	Level of depression 	0.461 	0.048 	0.184 	0.265


 	CBI 	0.526 	0.003 	0.476 	0.007


 	Level of caregiver burden 	0.503 	0.004 	0.420 	0.016


 	Time-dependence burden 	0.561 	0.001 	0.633 	0.000


 	Developmental burden 	0.529 	0.003 	0.343 	0.043


 	Physical burden 	0.581 	0.001 	0.409 	0.019


 	Social burden 	0.290 	0.076 	0.155 	0.225


 	Emotional burden 	0.027 	0.446 	0.337 	0.046


 	PedsQL 	−0.555 	0.024 	−0.806 	0.000


 	Physical functioning 	−0.321 	0.143 	−0.769 	0.001


 	Emotional functioning 	−0.368 	0.108 	−0.477 	0.050


 	Social functioning 	−0.504 	0.039 	−0.813 	0.000


 	School functioning 	−0.619 	0.038 	−0.694 	0.019


 	Psychosocial functioning 	−0.555 	0.024 	−0.827 	0.000


 	Diagnostic delay 	−0.399 	0.020 	−0.005 	0.489


 	Disability 	0.339 	0.042 	– 	–





Correlation for variables in the study was determined using Spearman’s correlation.

*Sample sizes for correlation analyses varied depending on the scales completed by each participant. N = 13 for CHU-9D, N = 12 for EQ-5D-3L, N = 23 for OSSS-3, N = 14 for PHQ-9, N = 26 for CBI, N = 13 for PedsQL. r, correlation coefficient; QoL, Quality of life; CHU-9D, Child health utility-9 dimension; OSSS-3, Oslo social support scale-3; PHQ-9, Patient health questionnaire-9; CBI, Caregiver burden inventory; PedsQL, Pediatric quality of life inventory.
 

The ANOVA analysis revealed significant differences in the perceived financial burden for CHU-9D (F = 8.035, p = 0.006), PedsQL total score (F = 4.588, p = 0.033), and its subdomains such as social functioning (F = 4.423, p = 0.036) and psychosocial functioning (F = 4.701, p = 0.031). Moreover, the CBI total score (F = 7.430, p = 0.001), level of caregiver burden (F = 5.970, p = 0.004), time-dependence burden (F = 11.319, p = 0.000), developmental burden (F = 6.761, p = 0.002), and physical burden (F = 4.980, p = 0.009) all displayed significant differences in perceived financial burden.



3.7 Correlation of disability and QoL scales

In the study, out of 27 participants, 14 (51.9%) had multiple disabilities, 7 (25.9%) reported having one disability, and 6 (22.2%) had no disabilities (Figure 4E). The findings revealed that the presence of a disability had a moderate negative correlation with the CHU-9D scale (rho = −0.643, p < 0.009). Similarly, there was a strong negative correlation between the PedsQL total score (rho = −0.806, p < 0.000) and its subdomains, including physical functioning (rho = −0.769, p < 0.001), emotional functioning (rho = −0.477, p < 0.050), social functioning (rho = −0.813, p < 0.000), school functioning (rho = −0.694, p < 0.019), and psychosocial functioning (rho = −0.827, p < 0.000). The health utility score also demonstrated a moderate negative correlation (rho = −0.629, p < 0.014). Furthermore, the study identified a moderately positive correlation between the CBI total score (rho = 0.476, p < 0.014) and the level of caregiver burden (rho = 0.420, p < 0.016). Additionally, various aspects of caregiver burden, such as time-dependence burden (rho = 0.633, p < 0.000), developmental burden (rho = 0.343, p < 0.043), physical burden (rho = 0.409, p < 0.019), and emotional burden (rho = 0.337, p < 0.046), showed significantly positive correlations with the presence of disability (Table 4).

The ANOVA analysis revealed significant differences in the absence or presence of disability for several measures. Precisely, the CBI total score (F = 4.909, p = 0.017), level of caregiver burden (F = 3.452, p = 0.049), and time-dependence burden (F = 7.433, p = 0.003) all showed substantial differences. Similarly, the PedsQL total score (F = 14.931, p = 0.001) and its subdomains – physical functioning (F = 18.481, p = 0.000), social functioning (F = 11.344, p = 0.003), and psychosocial functioning (F = 9.380, p = 0.005) – also demonstrated meaningful distinctions. However, the CHU-9D score did not reach statistical significance (F = 3.862, p = 0.057).




4 Discussion

This study presents a thorough analysis of the clinical, disease burden, and quality of life (QoL) dimensions related to mitochondrial encephalomyopathy (ME), emphasizing its substantial effect on participants and their caregivers. The findings not only corroborate existing literature but also expand upon it, offering fresh insights into the intricate challenges posed by this rare disorder on participants’ quality of life and caregiver burden.

The study cohort was predominantly composed of children, who accounted for 88.9% of participants, with a mean age of 10.14 years. This suggests an early onset of ME (31, 32). Notably, common subtypes such as MELAS and Leigh syndrome were identified in 22.2% of the cases, underscoring the necessity for specialized pediatric care (7, 31, 33). While ME typically presents in childhood, participant ages varied from 1 month to 36 years, encompassing adult-onset conditions like Leber’s Hereditary Optic Neuropathy (LHON) (34). The diagnostic delay of approximately 1.9 years underscores a notable gap in the early recognition and intervention of mitochondrial diseases, despite significant advancements in genetic and clinical diagnostics (35).

Participants exhibited a range of symptoms, with the most prevalent being motor disability (25.9%) and delayed motor development (22.2%). The management of these symptoms had a negative impact on the QoL in both physical and psychosocial domains, consistent with previous research (36, 37). The most common mutations in this cohort included the m.3243A > G mutation in MELAS and mutations in both mitochondrial and nuclear genes in participants with Leigh syndrome. The m.3243A > G mutation was associated with an increased incidence of stroke-like episodes, corroborating past reports (4, 38). Additionally, participants with MELAS mutations displayed a variable range of symptoms at onset, including fatigue, muscle weakness, and cognitive impairment, frequently noted among MELAS participants (2). In contrast, participants diagnosed with Leigh syndrome, often resulting from mutations in both mitochondrial and nuclear genes, demonstrated a more pronounced early-onset neurological decline, characterized by severe cognitive impairment and significant motor disabilities. This aligns with clinical expectations that nuclear mutations typically lead to more severe and early-onset manifestations (7, 39). Additionally, approximately 25.9% of participants reported a family history of ME, suggesting a hereditary component, although this figure may not fully account for sporadic mitochondrial mutations.

Quality of life (QoL) was significantly impaired in all participants with ME across various scales, particularly in physical and emotional functioning domains. The mean scores of QoL assessment scales in our cohort were lower than the established standard norm, reflecting a considerable burden of disease (40, 41). Strong negative correlations were observed between QoL scores and perceived disability (rho = −0.643, p < 0.009), underscoring how functional limitations adversely affect quality of life. The presence of disability correlated with significantly lower scores on both the CHU-9D and PedsQL assessments, suggesting that genetic factors associated with disability contribute to diminished QoL outcomes. More than half of the participants (51.9%) reported experiencing multiple disabilities, which were linked to lower QoL and increased caregiver burden, consistent with findings from similar studies (42, 43). Disability among participants with ME was frequently related to reduced mobility, cognitive decline, and fatigue, all of which severely hindered their ability to perform daily activities. Additionally, 59.3% of participants reported discrimination related to their or their family members’ condition, while 78.3% indicated a lack of social support, highlighting the social isolation that individuals with rare diseases often endure. Social isolation is a well-known social determinant of health, particularly for individuals with chronic conditions and rare diseases. In the case of ME, the complex and progressive nature of the disease often leads to increased caregiver burden, which in turn isolates both participants and their families. The lack of social support exacerbates the emotional and psychological toll of the disease, as families struggle to access both practical and emotional assistance (44–46).

The financial burden associated with ME was a significant finding in this study, with 44.4% of participants and their families reporting severe financial stress. This burden is intensified by the high costs of treatment, including rehabilitation and long-term care, which are major contributors to their financial strain. A substantial majority of participants (88.9%) reported incurring debt related to medical expenses, with 33.3% owing between 30,000 and 60,000 CNY and 25.9% facing debt between 100,000 and 200,000 CNY. These financial challenges are consistent with other studies that show how rare diseases place considerable economic pressure on families (47).

Moreover, 59.3% of participants required full-time care, limiting caregivers’ ability to maintain employment and attend to their health needs. This finding aligns with existing research that indicates rare diseases often result in significant economic burdens, especially in healthcare systems with insufficient insurance coverage (47, 48). Additionally, the financial strain was found to have a negative correlation with QoL scores, particularly in the CHU-9D, PedsQL, and CBI domains, further affecting the well-being of participants and caregivers. The economic burden was strongly correlated with perceived disability (rho = 0.339, p < 0.042) and QoL scores (rho = −0.555, p < 0.024). This suggests that more severe disease leads to more significant financial and emotional strain. Nearly 58% of caregivers reported experiencing moderate to severe burdens. Caregivers reported higher scores in the time-dependence (rho = 0.633, p < 0.000), developmental burden (rho = 0.343, p < 0.043), and emotional burden (rho = 0.337, p < 0.046) domains. These results are consistent with previous studies indicating that caregivers of individuals with rare and severe neurological conditions experience significant emotional and physical strain (36, 37).

The need for rehabilitation services was evident, with 44.4% of participants requesting them. Nevertheless, high costs (33.3%) and a lack of local options (14.8%) posed significant barriers to accessing rehabilitation services. The demands of full-time caregiving further strained caregivers, leading to absenteeism and financial hardships. In our study, 57.7% of caregivers reported experiencing moderate to severe burdens, highlighting the physical, emotional, and time-related challenges that come with caregiving for individuals with ME (49, 50). These findings emphasize the urgent need for improved access to rehabilitation services and enhanced financial support for affected families.

Our findings underscore several actionable recommendations for clinical practice and policy development. First, the early identification of neuromuscular symptoms, especially motor retardation and seizures, should prompt clinicians to suspect mitochondrial dysfunction and refer participants for genetic testing in a timely manner. Second, the financial burden associated with ME calls for the establishment of enhanced insurance frameworks and financial assistance programs specifically designed for rare diseases. Third, developing comprehensive care models that incorporate genetic counseling, rehabilitation, mental health services, and social support is essential. These models should be informed by interdisciplinary collaborations and a patient-centered approach to adequately meet the diverse needs of people with ME and their families.

While this study offers valuable insights into the burden of ME on participants and their families, several limitations must be acknowledged. The small sample size of 27 participants limits the statistical power and generalizability of our findings, particularly due to the heterogeneity of mitochondrial encephalomyopathy subtypes, which encompass diverse clinical presentations and genetic mutations. Larger multicenter studies are needed to enhance the robustness and external validity of the results. Secondly, using self-reported measures to assess QoL and caregiver burden could introduce subjectivity and bias, as patient and caregiver perceptions may vary based on personal experiences, psychological states, and cultural factors. This could lead to overestimation or underestimation of certain aspects, such as the financial burden or the severity of disability. Moreover, using assessment tools validated for specific age ranges and depending on proxy responses for very young children and those with cognitive impairments may introduce biases that affect the accuracy of subjective experiences. Future research should aim to develop and utilize age- and developmentally appropriate instruments for young children and individuals with severe cognitive impairments to better assess their quality of life. Nevertheless, our study highlights the significant disease burden and poor quality of life faced by participants with ME and their caregivers.



5 Conclusion

In conclusion, enhancing the quality of life and long-term outcomes for individuals affected by mitochondrial encephalomyopathy requires a holistic approach that incorporates medical, psychological, and social support. By promoting early diagnosis, improving access to care, and implementing comprehensive policy measures, we can significantly enrich the lives of those impacted by this challenging condition. Further research into the genetic foundations, innovative therapies, and psychosocial support strategies will be crucial in advancing the care and assistance of individuals with ME, ultimately nurturing a better future for participants and their families.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving humans were approved by the Institutional Review Board of Haikou Affiliated Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was provided by the patients/participants or patients/participants legal guardian/next of kin.



Author contributions

JSD: Conceptualization, Formal analysis, Investigation, Methodology, Visualization, Writing – original draft, Writing – review & editing. CT: Conceptualization, Data curation, Formal analysis, Methodology, Visualization, Writing – original draft, Writing – review & editing. LD: Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. BA: Data curation, Visualization, Writing – original draft, Writing – review & editing. XC: Investigation, Supervision, Validation, Writing – original draft, Writing – review & editing. JL: Conceptualization, Funding acquisition, Supervision, Validation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by National Natural Science Foundation of China (82260665).



Acknowledgments

The authors are grateful to the High-Level Scientific Research Startup Funding, Affiliated Hospital of Guangdong Medical University (1057z20230003, 1057z20230042).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. DiMauro, S, and Schon, EA. Mitochondrial respiratory-chain diseases. N Engl J Med. (2003) 348:2656–68. doi: 10.1056/NEJMra022567
	 2. Gorman, GS, Schaefer, AM, Ng, Y, Gomez, N, Blakely, EL, Alston, CL , et al. Prevalence of nuclear and mitochondrial DNA mutations related to adult mitochondrial disease. Ann Neurol. (2015) 77:753–9. doi: 10.1002/ana.24362 
	 3. Pfeffer, G, Majamaa, K, Turnbull, DM, Thorburn, D, and Chinnery, PF. Treatment for mitochondrial disorders. Cochrane Database Syst Rev. (2012) 2012:CD004426. doi: 10.1002/14651858.CD004426.pub3
	 4. Fan, HC, Lee, HF, Yue, CT, and Chi, CS. Clinical characteristics of mitochondrial Encephalomyopathy, lactic acidosis, and stroke-like episodes. Life. (2021) 11:1111. doi: 10.3390/life11111111 
	 5. Finsterer, J. Diagnosing MERRF requires clinical and genetic evidence. Pol J Pathol. (2020) 71:283–4. doi: 10.5114/pjp.2020.99797 
	 6. Hirano, M, Emmanuele, V, and Quinzii, CM. Emerging therapies for mitochondrial diseases. Essays Biochem. (2018) 62:467–81. doi: 10.1042/EBC20170114 
	 7. Parikh, S, Goldstein, A, Koenig, MK, Scaglia, F, Enns, GM, Saneto, R , et al. Diagnosis and management of mitochondrial disease: a consensus statement from the mitochondrial medicine society. Genet Med. (2015) 17:689–701. doi: 10.1038/gim.2014.177 
	 8. Ahmed, ST, Craven, L, Russell, OM, Turnbull, DM, and Vincent, AE. Diagnosis and treatment of mitochondrial myopathies. Neurotherapeutics. (2018) 15:943–53. doi: 10.1007/s13311-018-00674-4 
	 9. Tinker, RJ, Lim, AZ, Stefanetti, RJ, and McFarland, R. Current and emerging clinical treatment in mitochondrial disease. Mol Diagn Ther. (2021) 25:181–206. doi: 10.1007/s40291-020-00510-6 
	 10. Cohen, BH, and Gold, DR. Mitochondrial cytopathy in adults: what we know so far. Cleve Clin J Med. (2001) 68:625–6. doi: 10.3949/ccjm.68.7.625 
	 11. Ng, YS, and Turnbull, DM. Mitochondrial disease: genetics and management. J Neurol. (2016) 263:179–91. doi: 10.1007/s00415-015-7884-3 
	 12. Bertini, E, Gregg, E, Bartlett, C, Senthilnathan, V, Arber, M, Watkins, D , et al. The burden of mitochondrial disease with associated seizures: systematic literature reviews of health-related quality of life, utilities, costs and healthcare resource use data. Orphanet J Rare Dis. (2023) 18:320. doi: 10.1186/s13023-023-02945-6 
	 13. Stoller, JK. The challenge of rare diseases. Chest. (2018) 153:1309–14. doi: 10.1016/j.chest.2017.12.018 
	 14. Valcárcel-Nazco, C, Ramallo-Fariña, Y, Linertová, R, Ramos-Goñi, JM, García-Pérez, L, and Serrano-Aguilar, P. Health-related quality of life and perceived burden of informal caregivers of participants with rare diseases in selected European countries. Int J Environ Res Public Health. (2022) 19:8208. doi: 10.3390/ijerph19138208
	 15. Sofou, K. Mitochondrial disease: a challenge for the caregiver, the family, and society. J Child Neurol. (2013) 28:663–7. doi: 10.1177/0883073813481622 
	 16. Morava, E, van den Heuvel, L, Hol, F, de Vries, MC, Hogeveen, M, Rodenburg, RJ , et al. Mitochondrial disease criteria: diagnostic applications in children. Neurology. (2006) 67:1823–6. doi: 10.1212/01.wnl.0000244435.27645.54
	 17. Moore, A, Bennett, B, Taylor-Stokes, G, McDonald, L, and Daumont, MJ. Malignant pleural mesothelioma: treatment patterns and humanistic burden of disease in Europe. BMC Cancer. (2022) 22:693. doi: 10.1186/s12885-022-09750-7
	 18. Liu, GG, Wu, H, Li, M, Gao, C, and Luo, N. Chinese time trade-off values for EQ-5D health states. Value Health. (2014) 17:597–604. doi: 10.1016/j.jval.2014.05.007 
	 19. Xu, RH, Sun, R, Tian, L, Cheung, AW, and Wong, EL. Health-related quality of life in primary care participants: a comparison between EQ-5D-5L utility score and EQ-visual analogue scale. Health Qual Life Outcomes. (2024) 22:2. doi: 10.1186/s12955-023-02215-w
	 20. Gao, Q, Wang, S, Ren, J, and Wen, X. Measuring parent proxy-reported quality of life of 11 rare diseases in children in Zhejiang, China. Health Qual Life Outcomes. (2020) 18:372. doi: 10.1186/s12955-020-01572-0 
	 21. Wang, Q, Wan, C, Li, M, Huang, Y, and Xi, X. Mapping the Peds QLTM 4.0 onto CHU-9D: a cross-sectional study in functional dyspepsia population from China. Front Public Health. (2023) 11:1166760. doi: 10.3389/fpubh.2023.1166760
	 22. Wu, H h, Li, H, and Gao, Q. Psychometric properties of the Chinese version of the pediatric quality of life inventory 4.0 generic core scales among children with short stature. Health Qual Life Outcomes. (2013) 11:87. doi: 10.1186/1477-7525-11-87
	 23. Amprosi, M, Indelicato, E, Eigentler, A, Fritz, J, Nachbauer, W, and Boesch, S. Toward the definition of patient-reported outcome measurements in hereditary spastic paraplegia. Neurol Genet. (2023) 9:e200052. doi: 10.1212/NXG.0000000000200052 
	 24. Leung, DYP, Mak, YW, Leung, SF, Chiang, VCL, and Loke, AY. Measurement invariances of the PHQ-9 across gender and age groups in Chinese adolescents. Asia-Pac Psychiatry. (2020) 12:e12381. doi: 10.1111/appy.12381 
	 25. Du, N, Yu, K, Ye, Y, and Chen, S. The validity study of patient health questionnaire-9 items for internet screening in depression among Chinese university students. Asia-Pac Psychiatry Off J Pac Rim Coll Psychiatr. (2017) 9:2266. doi: 10.1111/appy.12266
	 26. Wang, W, Dong, Y, Ji, M, Zhang, X, and Cai, J. Health utility of children with acute lymphoblastic leukemia in China. Front Public Health. (2023) 10:9336. doi: 10.3389/fpubh.2022.1069336
	 27. Hu, J, Zhu, L, Bao, H, Liu, Y, Xing, H, Kang, Q , et al. Utility estimations of different health states of participants with type I, II, and III spinal muscular atrophy in China: a mixed approach study with patient and proxy-reported data. Front Public Health. (2022) 10:1054931. doi: 10.3389/fpubh.2022.1054931
	 28. Chen, G, Xu, F, Huynh, E, Wang, Z, Stevens, K, and Ratcliffe, J. Scoring the child health utility 9D instrument: estimation of a Chinese child and adolescent-specific tariff. Qual Life Res. (2019) 28:163–76. doi: 10.1007/s11136-018-2032-z 
	 29. Greco, A, Pancani, L, Sala, M, Annoni, AM, Steca, P, Paturzo, M , et al. Psychometric characteristics of the caregiver burden inventory in caregivers of adults with heart failure. Eur J Cardiovasc Nurs. (2017) 16:502–10. doi: 10.1177/1474515117693890 
	 30. Kocalevent, RD, Berg, L, Beutel, ME, Hinz, A, Zenger, M, Härter, M , et al. Social support in the general population: standardization of the Oslo social support scale (OSSS-3). BMC Psychol. (2018) 6:31. doi: 10.1186/s40359-018-0249-9 
	 31. Alves, CAPF, Teixeira, SR, Martin-Saavedra, JS, Guimarães Gonçalves, F, Lo Russo, F, Muraresku, C , et al. Pediatric Leigh syndrome: neuroimaging features and genetic correlations. Ann Neurol. (2020) 88:218–32. doi: 10.1002/ana.25789 
	 32. Watson-Fargie, T, Marshall, V, Fullerton, NE, Leach, V, Pilz, D, Hemingbrough, CVY , et al. Leigh syndrome: an adult presentation of a paediatric disease. Pract Neurol. (2024) 24:45–50. doi: 10.1136/pn-2023-003862 
	 33. Lee, S, Na, JH, and Lee, YM. Epilepsy in Leigh syndrome with mitochondrial DNA mutations. Front Neurol. (2019) 10:496. doi: 10.3389/fneur.2019.00496 
	 34. Moura-Coelho, N, Pinto Proença, R, Tavares Ferreira, J, and Cunha, JP. Late-onset Leber’s hereditary optic neuropathy: the role of environmental factors in hereditary diseases. BMJ Case Rep. (2019) 12:e227977. doi: 10.1136/bcr-2018-227977 
	 35. Phillips, C, Parkinson, A, Namsrai, T, Chalmers, A, Dews, C, Gregory, D , et al. Time to diagnosis for a rare disease: managing medical uncertainty. A qualitative study. Orphanet J Rare Dis. (2024) 19:297. doi: 10.1186/s13023-024-03319-2
	 36. Zhao, X, Yu, M, Zhang, W, Hou, Y, Yuan, Y, and Wang, Z. Demographic characteristics, diagnostic challenges, treatment patterns, and caregiver burden of mitochondrial diseases: a retrospective cross-sectional study. Orphanet J Rare Dis. (2024) 19:287. doi: 10.1186/s13023-024-03289-5 
	 37. Senger, BA, Ward, LD, Barbosa-Leiker, C, and Bindler, RC. The parent experience of caring for a child with mitochondrial disease. J Pediatr Nurs. (2016) 31:32–41. doi: 10.1016/j.pedn.2015.08.007 
	 38. Karicheva, OZ, Kolesnikova, OA, Schirtz, T, Vysokikh, MY, Mager-Heckel, AM, Lombès, A , et al. Correction of the consequences of mitochondrial 3243A>G mutation in the MT-TL1 gene causing the MELAS syndrome by tRNA import into mitochondria. Nucleic Acids Res. (2011) 39:8173–86. doi: 10.1093/nar/gkr546 
	 39. Zhao, X, Chen, B, Wu, L, and Zhao, G. Role of mitochondria in nuclear DNA damage response. Genome Instab Dis. (2022) 3:285–94. doi: 10.1007/s42764-022-00088-9
	 40. Long, JC, Best, S, Hatem, S, Theodorou, T, Catton, T, Murray, S , et al. The long and winding road: perspectives of people and parents of children with mitochondrial conditions negotiating management after diagnosis. Orphanet J Rare Dis. (2021) 16:310. doi: 10.1186/s13023-021-01939-6 
	 41. Moretti, A, Cianci, P, De Paoli, A, Meroni, F, Tajè, S, Mariani, M , et al. Burden of care in families of participants with rare genetic diseases: analysis of a large Italian cohort. Eur J Med Genet. (2021) 64:104230. doi: 10.1016/j.ejmg.2021.104230 
	 42. Vonneilich, N, Lüdecke, D, and Kofahl, C. The impact of care on family and health-related quality of life of parents with chronically ill and disabled children. Disabil Rehabil. (2016) 38:761–7. doi: 10.3109/09638288.2015.1060267 
	 43. Balbo, N, and Bolano, D. Child disability as a family issue: a study on mothers’ and fathers’ health in Italy. Eur J Pub Health. (2024) 34:79–84. doi: 10.1093/eurpub/ckad168 
	 44. Smits, RM, Vissers, E, Te Pas, R, Roebbers, N, Feitz, WFJ, van Rooij, IALM , et al. Common needs in uncommon conditions: a qualitative study to explore the need for care in pediatric participants with rare diseases. Orphanet J Rare Dis. (2022) 17:153. doi: 10.1186/s13023-022-02305-w 
	 45. Manalel, JA, Sumrall, S, Davidson, H, Grewal, M, Granovetter, MA, and Koehly, LM. Stress, coping, and positive aspects of caregiving among caregivers of children with rare disease. Psychol Health. (2024) 39:216–32. doi: 10.1080/08870446.2022.2057494 
	 46. Lancaster, K, Bhopti, A, Kern, ML, Taylor, R, Janson, A, and Harding, K. Effectiveness of peer support programmes for improving well-being and quality of life in parents/carers of children with disability or chronic illness: a systematic review. Child Care Health Dev. (2023) 49:485–96. doi: 10.1111/cch.13063 
	 47. Angelis, A, Tordrup, D, and Kanavos, P. Socio-economic burden of rare diseases: a systematic review of cost of illness evidence. Health Policy. (2015) 119:964–79. doi: 10.1016/j.healthpol.2014.12.016 
	 48. Li, J, Jiao, C, Nicholas, S, Wang, J, Chen, G, and Chang, J. Impact of medical debt on the financial welfare of middle- and low-income families across China. Int J Environ Res Public Health. (2020) 17:4597. doi: 10.3390/ijerph17124597 
	 49. Hauptman, AJ, Augustine, EF, and Brown, HB. The psychiatric care of children and young adults with neurodegenerative diseases. J Am Acad Child Adolesc Psychiatry. (2024) 12:1193–5. doi: 10.1016/j.jaac.2024.02.001
	 50. Yang, X, Yoo, HK, Amin, S, Cheng, WY, Sundaresan, S, Zhang, L , et al. Clinical and humanistic burden among pediatric participants with neurofibromatosis type 1 and plexiform neurofibroma in the USA. Childs Nerv Syst. (2022) 38:1513–22.


Copyright
 © 2025 Dumbuya, Tian, Deng, Ahmad, Chen and Lu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-16-1585906-g003.jpg
nEH0AG
%

WA0IT>C
154%

MERRE
15.4%

mDNA disease

o] NP

mDNA variant

s

4AG

397G

!

n32AG
s

ECHSID| | COXPD20
% I

MCIDN2
7%

coxpDl0
143%
7G| [c180CT

e m% | [enmmer|
<68567A
14.3%

100G,

1%

<1690

7%

3G
14.3%

nDNA variant





OPS/images/fneur-16-1585906-g004.jpg
Level of health state g, Level of caregiver burden
state, 8.3% i

Mild to.
‘moderate
burden, 23.1%






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Clinical features, disease burden and impact on quality of life in participants with mitochondrial encephalomyopathy



		1 Introduction



		2 Methods



		2.1 Study design and population



		2.2 Assessment procedures and respondent selection



		2.3 Ethics statement



		2.4 Quality of life (QoL) outcome measures



		2.4.1 EQ-5D-3L



		2.4.2 PedsQL



		2.4.3 PHQ-9



		2.4.4 CHU-9D



		2.4.5 CBI



		2.4.6 OSSS-3









		2.5 Participants classification for subgroup analysis



		2.6 Statistical analysis









		3 Results



		3.1 General characteristics of socio-demographics



		3.2 Disease burden and financial impact



		3.3 Phenotype and genotype analysis



		3.4 Quality of life scores



		3.5 Correlation of QoL assessment scales and caregiver burden



		3.6 Correlation of participants’ perceived financial burden and their caregivers with QoL scales



		3.7 Correlation of disability and QoL scales









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fneur-16-1585906-g001.jpg
A ‘Vou need rehabililation due o the disease B Reasons for not doing rehabilation at the time Missed work caused by your ilness and need

o be care for
o 20w

ot e Oty Somctmes Frawaty Always

£
= I .

- i .
o I

f—
§

D Do you necd care from a family member or E Have you been discriminated against because You e  financial urden on your fnily
end bt you o hs conlon” o v i e e o b dean
= = o () pr =
L E I
o T 00 TA%
o | ok |
e T = Ry il — Mg





OPS/images/fneur-16-1585906-g002.jpg
Most common symptoms

First reported symptom






OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Clinical features, disease burden
and impact on quality of life in
participants with mitochondrial

encephalomyopathy












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






